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Abstract: In order to calculate the financial return of energy efficiency measures, a cost–benefit analy-
sis (CBA) is a proven tool for investors. Generally, however, most CBAs for investors have a narrow
focus, which is—simply speaking—on investment costs compared with energy cost savings over the
life span of the investment. This only provides part of the full picture. Ideally, a comprehensive or
extended CBA would take additional benefits as well as additional costs into account. The objective of
this paper is to reflect upon integrating into a CBA two important cost components: transaction costs
and energy efficiency services—and how they interact. Even though this concept has not been carried
out to the knowledge of the authors, we even go a step further to try to apply this idea. In so doing,
we carried out a meta-analysis on relevant literature and existing data and interviewed a limited
number of energy experts with comprehensive experience in carrying out energy services. Even
though data is hardly available, we succeeded in constructing three real-world cases and applied an
extended CBA making use of information gathered on transaction costs and energy services costs. We
were able to show that, despite these additional cost components, the energy efficiency measures are
economically viable. Quantitative data was not available on how energy services reduce transaction
costs; more information on this aspect could render our results even more positive. Even though
empirical and conceptual research must intensify efforts to design an even more comprehensive CBA,
these first-of-its-kind findings can counterargue those that believe energy efficiency is not worth it
(in monetary terms) due to transaction costs or energy services costs. In fact, this is good news for
energy efficiency and for those that seek to make use of our findings to argue in favor of taking up
energy efficiency investments in businesses.
Keywords: cost–benefit analysis; energy services; transaction costs; energy efficiency; energy
efficiency gap
1. Introduction
Cost–benefit analysis (CBA) is a frequently used method to evaluate the viability and
financial return of investments [1,2]. Although such calculations often show that energy
efficiency measures pay off after a few years [3], measures are often not implemented due to
existing barriers. These include transaction costs (TAC) such as the time needed to acquire
the necessary knowledge, to apply for funding, to monitor the energy costs, and to order
and install the products. These TAC, in turn, can be reduced by energy efficiency services
(EES), aiming for concrete implementation of energy efficiency measures. The integration
of TAC and EES into a CBA would provide a more realistic analysis of an energy efficiency
investment. It would give investors a more comprehensive understanding of costs arising.
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For instance, if an enhanced CBA including both TAC and EES still results in a positive
investment case, the investor will be more inclined to carry out the undertaking envisioned.
To the knowledge of the authors, research has not yet tried to (re)design CBAs factoring
in TAC and EES. Hence, our study seeks to address this knowledge gap. In this paper,
which is based on a proceeding paper presented at the 15 Conference on Sustainable
Development of Energy Water and Environment Systems (SDEWES) in 2020 (cf. [4]), we
propose an approach for a more realistic CBA for the business sector that integrates both
transaction costs and costs for energy efficiency services. The research presented in this
paper is developed based on [5] as well as an already published paper [6], which both give
insights into the project’s overall findings factoring in all sectors. In contrast, this paper
focuses on an integrated approach for a CBA explicitly targeted at businesses.
On the way towards a more realistic CBA integrating TAC and EES and, thus, towards
achieving this study’s research objective, quantitative data is needed. Our study team iden-
tified relevant data and used it for a more realistic analysis. It needs to be acknowledged
that integrating other factors would create an even more realistic picture of a cost–benefit
analysis. For instance, more and more researchers focus on multiple benefits of energy
efficiency (such as improved air quality) and seek to quantify these benefits [7]. However,
for the sake of simplicity, we focus on the core assumptions in this paper.
While we show that transaction costs do exist, we explain (and illustrate) that they are
not a (rational) argument for not implementing energy efficiency measures. In so doing,
we believe in contributing to persuading potential adopters/investors to invest in energy
efficiency measures helping to overcome both the moderate interest in energy efficiency
measures and the energy efficiency gap in general [8–11], the latter of which has been
scrutinized in the literature for the businesses sector [12–16]. The prioritization of energy
efficiency is decisive for achieving net-zero greenhouse gas emissions by 2050, as agreed
in the Paris Agreement [17] and proposed by the EU Commission’s Green Deal [18]. For
example, Germany needs to reduce primary energy consumption to 50% by 2050 compared
to the year 2008 [19], with all sectors in need of increasing energy efficiency. Providing
a more realistic picture regarding costs and benefits can help to achieve these various
objectives.
In the following, Section 2 first focuses on the major components relevant to this
study: the state-of-the art approach for a CBA as well as TAC and EES, both of which
are mostly regarded in isolated terms. Afterwards, this section introduces this study’s
methodological approach. In Section 3, the results are presented from our meta-analysis
and interviews; in particular, we investigate upon (a) TAC for implementing energy
efficiency measures in the business sector, (b) costs of applicable energy efficiency services
including government funding, and (c) EES’s potential to reduce TAC. Data is gathered by
conducting a meta-analysis, which is complemented by expert interviews with a limited
number of energy advisors. More research is needed, e.g., to also quantify “multiple”
investor benefits [20] from energy efficiency investments, as the data base is limited and
methods are not sufficiently developed or are highly subjective (see, e.g., [21,22]).
2. Materials and Methods
2.1. Review of Literature
An analysis of costs and benefits from the investment in energy efficiency can be done
at various levels. At a more macro level, program-centered analyses are conducted in order
to, e.g., identify national, regional, or local government expenses (costs) as well as environ-
mental and socioeconomic benefits including emission reduction or job creation [23–25].
At a rather micro level, a cost–benefit analysis (CBA) takes on an investor’s perspective
factoring in the additional investments (costs) associated with purchasing energy efficiency
technologies compared to non-efficient technologies and reduced life-cycle costs (especially
energy costs) (benefits) [5,26]. The perspectives of other beneficiaries may also be included
(cf. [27] for a CBA embracing energy consumers and investors in the case of a virtual
power plant).
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A simple CBA estimates the effects of an investment decision in advance or evaluates
the investment made retrospectively. An energy efficiency measure is cost-effective when
the benefits exceed the costs. A CBA is particularly useful if there are uncertainties in the
investment decision and if these can be made transparent in calculations. It should be as
objective as possible with transparent and comprehensible figures and assumptions. In
the case of energy efficiency measures, CBAs are often used to assess the time when the
measure will pay off or to calculate net present values [28].
Although cost–benefit calculations with a focus on energy efficiency often show that
the measures pay off after a few years, they are often not implemented. This means that
investment decisions in energy efficiency are often not only based on simple cost/benefit
considerations (direct investments/saved energy costs) (see, e.g., [8,29,30]). The reasons
for this are existing barriers, which can be summarized under the term “energy efficiency
gap”. Reasons for this gap are, inter alia, a lack of interest and motivation for energy
efficiency improvements, other priorities, knowledge and information barriers, or a lack of
funding [31].
In general, a distinction between two types of barriers can be made. While, for instance,
a lack of capital will prevent investments entirely, TACs that are attached to other barriers
can be considered a softer barrier type. These TACs include all costs that are not linked
to direct investment and maintenance costs but are necessary for the preparation and
implementation of an energy efficiency measure. These TACs differ slightly depending
on the group of actors considered. In this paper, the focus is on businesses. Here, TACs
include both activities and operations carried out by employees of the companies and the
costs arising from external contracts (like contracting craft businesses). A set of relevant
TAC subtypes including illustrative examples from the field of energy efficiency can be
found in the following list [32,33]:
• Search costs and information processing (including search costs for providers of energy
services): identifying credible information on technologies (e.g., on performance or
investment costs), funding schemes, and crafts businesses for installation
• Decision-making costs: (i) deciding whether an investment will be adopted/rejected
and (ii) comparing different technology options, i.e., consultation between different
decision-making units (e.g., management vs. operating director) on the perceived
relative advantage
• Capital costs or costs for having the investment financed: interests for debt-financed
investments
• Negotiating costs or costs for negotiating contractual issues: legal disputes due to
increasing rents as a result of energy efficiency investments
• Permitting and certification costs, or costs for having measures permitted or certified
by an agency/body: filling in a funding application or an application for having a
heritage-protected building refurbished
• Costs for collecting energy-related data for verifying the effectiveness of the measure:
monitoring meters and processing data
• Realization costs, or costs for monitoring and enforcement to have energy efficiency
investments correctly installed: supervision and time taken to receive goods
• Adaptation costs or costs for making proper use of energy efficiency investments:
capacity building/trainings and employment of new staff
• Opportunity costs or costs for lost alternative investments: capital or staff used
for energy efficiency investment “lost” for alternative decisions such as production
increases
Even though the characteristics and relevance of transaction costs are regularly dis-
cussed in literature (e.g., [32–34]), there are hardly any references to quantify the costs.
Furthermore, the methods for calculating TAC differ significantly from study to study
or are not made transparent. The results of the limited number of studies that calculate
TAC (especially [32,35,36]) are used in Section 3.1 to estimate the level of TAC for the case
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studies. It has to be noticed that the data from these sources are relatively old [37,38] or
have a limited geographical focus [39].
As this paper is particularly interested in understanding how TAC interacts with
EES in a CBA, its focus is on barriers associated with TAC. To complicate the matter, EES
represents another cost driver for the uptake of energy efficiency investments. Energy
efficiency services are defined by the European standard DIN EN 15900:2010 as activities
aimed at improving energy efficiency and other agreed performance criteria. According
to this definition, EESs are comprised of an analysis (i.e., an audit to identify and select
measures) as well as downstream implementation and verification of energy savings. EESs
are also supposed to provide a description of proposed or agreed-upon measures and how
they achieve envisaged energy savings [40]. This represents a comprehensive but relatively
narrow description of EES. This paper also understands individual/partial services, such
as the identification and selection of measures, as EES—provided these services aim for
concrete implementation of energy efficiency measures, which is the core element of an
energy efficiency service.
As with most services, customers pay a certain fee and expect to benefit from this
investment in any case. Our paper assumes that EESs (including its costs) are used to
drive down TAC. For instance, by contracting an energy advisor, a business can reduce
search costs for identifying relevant information on process technologies. An overview of
advisory foci in terms of energy efficiency technologies for businesses is given in [41]. In
the residential sector, an illustrative example can be found in [42]: a mechanical ventilation
with heat recovery (MVHR) is considered to be complex, and building owners often lack
knowledge about their existence, how they function, or how they can be integrated in a
specific building context; thus, an energy advisor is supposed to provide guidance, so
that potential adopters do not have to acquire such knowledge from scratch. In Germany,
several types of EES are financially supported by the federal government. One set of
services is provided by Germany’s consumer organisation Verbraucherzentrale (VZ), a
network of consumer service points for various issues. The VZ offices provide detailed but
low-cost overall building checks (mini-audits) or heating checks only [43]. Beyond the VZ
network applicable to households, federal funds are channeled to EES through programs
such as “on-site visits for installations and processes” targeting businesses. Government
funding reduces the costs of EES and, thus, the overall cost associated with EE investments.
Contracting is a special type of energy service. A service provider installs energy
efficiency measures in a building or installation and is repaid through energy savings
over a fixed period. Contracting can be a suitable instrument, e.g., for municipalities in a
difficult budgetary situation to implement costly energy efficiency measures. However,
contracting is not considered in detail in the context of the present analysis because it is
not compatible with the approach of this study that takes the perspective of investors and
analyzes costs and benefits resulting from the technical measures. In the contracting model,
investment costs are taken over by a service provider who refinances them through energy
savings (usually with the participation of the initiator/facility owner).
2.2. Objectives and Methodological Approach
The following Figure 1 presents a schematic overview of how TAC and EES are related
to each other and how an EES can be a TAC-reducing element. Importantly, the bars are
only for illustrative purposes. The bars in the first section (1) of Figure 1 show a simple
cost–benefit analysis regularly conducted by practitioners or scholars. It calculates the
additional costs of the energy efficiency measure (upper bar) in relation to the energy costs
saved (lower bar), suggesting that savings outweigh costs. The second section (2) extends
this method by integrating TAC, illustrating that costs for a transaction increase the overall
costs by an unspecific amount (upper bar). In the next section (3), EES are added to the
cost–benefit analysis, which also increases the overall costs (upper bar). However, the
potential of EES to drive down TAC is depicted by the smaller TAC block (dark grey) in
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contrast to (2). Section (4) illustrates that government funding lowers the investor’s costs
for EES.
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Figure 1. Schematic overview of a cost–benefit analysis (CBA) for the uptake of energy efficiency measures including
transaction costs (TAC) and energy efficiency services (EES).
These theoretical assumptions raise the following central research question: how can
a cost–benefit analysis be enhanced by also covering transaction costs and costs for energy
efficiency services? This results in a set of supplementary questions: What are the costs of
different types of transaction? hat is the effect of energy efficiency services cost (including
government funding)? By how much does EES reduce TAC?
To address these questions, a li ited nu ber of specific cases of energy efficiency
invest ents ere selected from the business sector and information was gathered from the
literature. Specific real-world examples were used to illustrate as concretely as possible the
quantification of transaction costs and the influe ce of energy services. That is why t e
results of this paper do not claim to show calculations that can be generalized. For selection
of the case studies, a simple multicriteria scheme was used including the following criteria:
the inv stment’s rel vance or energy saving potential, data availabi ity, and applicability to
be addressed by an EES (for more details, see [6]). The following Table 1 shows the energy
efficiency measures (M1–M3) from the businesses sector scruti ized in the project.
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Table 1. Cases developed in the businesses sector to perform an enhanced cost–benefit analysis (Sources: M1: [35], M2: [44],
and M3: [34]).
Case Exchange of InefficientMotors (M1)
Energy Consumption Reduction




(Early) replacement of an
older motor (4-pole, 30 kW,
efficiency class EFF3,
efficiency of 85%) with an
efficient motor of class IE3.
Use of compressed air station
with a total energy consumption
of 1000 MWh per year (before
modernization).
Use of an innovative system
using water as a refrigerant
and the use of free cooling
Investment costs (€) 2000 73,000 250,000
Energy cost savings over
life span (€) 16,994.98 196,928.45 221,869.85
In order to answer the central research question on how a cost–benefit analysis can be
enhanced by also covering transaction costs and costs for energy efficiency services, this
paper first addresses the supplementary questions. First, a meta-analysis was conducted
(i) on the costs of different types of transaction, (ii) on costs for energy efficiency services
(including government funding), and (iii) on how much EES reduces TAC. Second, findings
were complemented through expert interviews with energy advisors.
With regard to the meta-analysis, several databases were checked to find real-world
data for the analysis. For the purpose of our work, it was crucial to obtain data on
investment costs, energy savings, and payback times. A major source was the EU-MERCI
database, which lists and analyses numerous measures from different sectors. This data
was used as the basis for the calculation how EES can reduce TAC of these specific measures.
For further analysis, existing literature was used [34–36] and verified by three energy expert
interviews in 2018. In this context, a semi-structured interview guide was developed. The
interviewees have years of experience as energy consultants and/or with the topic of
energy efficiency in companies. The interviews were conducted via telephone for around
30 min. In particular, the energy experts were asked to provide guidance regarding the costs
applicable for energy efficiency services targeting the abovementioned cases (M1 to M3).
Through their answers, the data identified through literature, which lacked information on
concrete investment, were complemented.
During the research activities, an excel-based calculation tool was developed to collect
and assess the data. The information could be adjusted to make the effects of individual
factors directly visible. The tool also made it possible to compare the different case studies
and data (cf. Figure 2).
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Figure 2. Enhanced dynamic cost–benefit analysis of the selected energy efficiency measures: (a) M1, (b) M2, and (c) M3,
with EES costs to investor (after government subsidies using a 2.00% discount factor).
3. Results
3.1. Quantification of Transaction Costs
This section summarizes the results derived from the literature on the quantification of
transaction costs for energy efficiency investments in companies and derives the transaction
costs for the energy efficiency measures displayed in Table 1. Even though the topic of
transaction costs is often touched upon the literature [32,37], empirical investigations have
hardly been done and only a few references are available that deal with the quantification
of TAC. The authors of [45] compiled the findings for quantifying transaction costs for some
specific technologies in the buildings sector. With regard to lighting, TACs were estimated
to be 10% and, for improved cavity wall insulation, TAC was estimated at 30%. However,
the authors conclude that the quantification of transaction costs is always associated with
uncertainties due to technological issues, accountability, reliability, and different calculation
methods. For the business sector, the authors of [37] quantified transaction costs for energy
efficiency measures carried out in the Netherlands. They investigated energy intensive
companies, in particular, and measured TACs in relation to the overall investment to
be made. They found information collection costs of about 2 to 6% of the investment.
This covers, e.g., the writing of an energy report that includes information for potentially
interesting energy efficiency measures. It also accounts for the implications on production
(safety and failure), product quality, as well as maintenance issues. The empirical findings
of the cases investigated show that information costs “as a fraction of the investments tend
to decrease as the size of the investment increases” [37], indicating scale effects. A second
component of TAC which was scrutinized is decision-making. Decision-making costs may
rise when increasing overall investment costs for energy efficiency measures. In this respect,
the authors noted that low-cost measures can be approved by the energy department itself
(without any engagement with other organizational units) so that the time spent to reach a
decision is redundant. High-cost investments, however, need authorization from higher
management levels with higher salaries, which increases expenses. Implementation costs
were not estimated by representatives from Dutch energy-intensive industries. With
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regard to the costs for monitoring energy savings, which are considered to be below 1%
of investment costs, the authors of [37] differentiated between those enterprises that do
not take specific monitoring actions and those that install an energy management system,
which allows for simple and low-cost monitoring of savings.
Based on empirical data from the energy-intensive industry, the authors of [38] quan-
tified the transaction costs for procuring energy-efficient electric motors. She concluded,
among other things, that the share of TAC in purchasing costs is relatively high for smaller
motor types in contrast to larger (and more costly) motors. For instance, the costs of
transaction for a 1-kW motor with a purchasing price of 200 € is considered to be at around
300 €; a 10 kW motor purchased for 800 € has the same TAC. The TAC for a 100-kW motor
available for 5100 € amounts to 600 €. To calculate the TAC on the exchange of an inefficient
motor by a 30-kW motor (M1), we estimate the TAC by a linear interpolation between TACs
for a 10 kW and 100 kW motor (A linear increase of transaction costs after the threshold of
10 kW output is postulated.) [36]. This yields a TAC of 366.67 € for our case study (M1).
In 2014, the authors of [39] conducted an in-depth study to measure TAC in 35 Ger-
man companies with 25 to 3000 employees and an annual energy consumption of 1.3 to
1000 GWh. The addressed energy efficiency measures taken up by those companies cover
different technologies (e.g., insulation/heat insulation and heat recovery). Respective
investments ranged from 1715 € to 800,000 €. A correlation between the share of TAC and
the overall investment was revealed by the regression analysis conducted. Hence, for the
other two cases in our study on the energy consumption reduction through compressed
air (M2) and the utilization of cooling technology (M3), we apply TACs of 15.000 € and
25.000 €, respectively, based on [46]. The relatively high share of transaction costs with a
lower investment sum as in the case of compressed air technology is in line with the results
from [39] and can be explained by the fact that absolute transaction costs are independent
(or only marginally dependent) on the investment sum. It needs to be acknowledged that
companies that participated in [39] were part of an energy efficiency network, which can
be assumed to be more open towards energy efficiency investments. Hence, the share of
identified TAC might even be underestimated for less progressive companies.
3.2. Costs of Energy Efficiency Services and Government Support Schemes
Government-funded EESs for industries and processes as well as respective costs are
reported by [46] with a median price of 4000 € (average 5800 €). However, EESs might be
less technical as well as highly complex consultations and anything between. Furthermore,
subsidies vary with regard to companies’ annual energy expenditures above or below
10,000 € annually. This might translate to the distribution of cost data, indicated by a high
interquartile range of 6500 € (1500 € to 8000 €). Given the assumption of a company with
a single location and energy costs of more than 10,000 € per year, the interviewed energy
experts classified an appropriate consultancy in the price range of 5000 to 8000 €, thereby
locating the price in the upper quartile and around the average of 5800 € from the survey
data from [46].
Data is not attributed to single energy efficiency measures, which is key for attaching
values to our case studies. We propose to allocate the costs according to the number of
measures usually recommended by an energy consultant (3–5), which is also suggested
by [41] as well as by an energy expert interviewed.
Taking into account the costs of 5000 € to 8000 € for 3 to 5 measures recommended,
market costs of 1000 to 2666.67 € arise per measure. In the following sections, we make use
of the upper bound of 2666.67 € for EES costs attached per isolated/single measure as a
conservative assumption to account for the least favorable conditions.
In Germany, the support program “Energy Consulting in Medium-Sized Businesses”
can be applied for the energy efficiency measures of our case studies (M1–M3). For a
company with high annual energy costs (over 10,000 €), this subsidy amounts to 80% of
the consulting costs up to a maximum of 6000 €. This reduces costs enormously down to
1000–2000 €. Thus, for individual measures, this again breaks down the net investor costs
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for EES (with subsidies from the German Government included) between 200 € and 667 €.
For our study, we consistently make use of the upper value in all cases (M1–M3).
3.3. Reduction of TAC through EES
The business model of EES is that some of the tasks generating TACs for the investor
are taken over by an external service provider in return for a service fee. As this is done
by professionals who realize scale and learning effects, they can do this more efficiently
than non-expert investors. Neither our literature meta-analysis nor interviews with energy
consultants yielded reliable quantifications of the potential of EES to reduce transaction
costs. This is a field where more research is needed.
Returning to the list of different types of TAC, it can be argued that EES can contribute
to reducing TAC. However, this also strongly depends on the scope of the EES. Generally,
an energy consultant can help in identifying technologies or in funding schemes. Having
a contracted neutral expert may also help in reducing decision-making costs as some
organizational units might be persuaded quicker with an objective third-party analysis.
However, EESs such as advisory services also have limits, for instance, when it comes to
capital costs or legal disputes. Apart from that, identifying applicable EES may also create
TACs such as consultancy searching, contracting, and execution.
3.4. Integration of Results
Table 2 shows an overview of the information gathered and presented in the previous
sections identified for the three cases (M1–M3). The energy efficiency interventions differ
in investment costs affecting the amount of TAC attached. The cost aspects related to EES
were calculated based on a standardized approach, so that EES costs, government funding
for EESs, as well as investor costs for EESs are the same for M1 to M3. Operational cost
savings were only identified for M3, while energy cost savings differed substantially to
some extent. While in absolute terms they are relatively low for M1 and relatively high for
M3, if compared to the investment costs, energy savings of M1 are 8 times higher compared
to its investment costs, which is different for M2 and M3. Unfortunately, the question of
how EES reduces TAC was difficult to answer.
Table 2. Present value costs and benefits of selected energy efficiency measures over the respective life time using a 2.00%
discount factor.
Case Exchange of InefficientMotors (M1) (€)
Energy Consumption
Reduction through
Compressed Air (M2) (€)
Efficient Cooling
Technology (M3) (€)
Investment costs 2000 73,000 250,000
Additional operating costs 0 32,359.96 0
Transaction costs 366.67 15,000 25,000
EES costs 1 2666.67 2666.67 2666.67
Government funding for EES 2000 2000 2000
Investor costs for EES 666.67 666.67 666.67
Operation costs savings 0 0 224,564.63
Energy costs savings 16,994.98 196,928.45 221,869.85
Reduction of TAC through EES n.a. n.a. n.a.
Net present value 13,911.64 75,601.83 170,767.80
1 Note that the cost for EES recommending 3 to 5 energy efficiency measures are between 5000 to 8000 € in total. Allocating the costs to the
number of measures and taking into account the upper bound, this yields average costs of 2667 € or 667 € after government funding per
measure, irrespective of the distinct energy efficiency measure (M1–M3).
The information shown in the previous table feeds the excel-based calculation tool
developed as part of the overall project, which this paper is based on. In fact, the extended
cost–benefit analysis was implemented using this calculation tool. A more realistic CBA
for the three measures is shown below (Figure 2).
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For all measures considered, the benefits (present value) are significantly higher
than the costs (present value) of implementing the measure. Thus, the capital value (net
present value) is also positive. The benefit–cost ratio is therefore >1 for M1 to M3, and
the investment is cost-effective for all energy efficiency measures. This applies even if
the classic cost–benefit analysis is extended to include additional cost categories such as
transaction costs for implementing the measure and costs for the corresponding EES. It is
noticeable that, for M2 (compressed air) and M3 (cooling), the cost–benefit ratio is positive
but somewhat lower than for measures M1 (motors). M1, in turn, shows that consulting
costs are higher than transaction costs, rendering the former questionable. For high-
investment measures (M2, compressed air; M3, cooling) the consultancy costs are low or
negligible compared to the investment costs and compared to TAC. Nevertheless, even for
low-investment measures, it can be assumed that EES will contribute to implementation by
reducing transaction costs even if they are relatively cost-intensive in relation to investment
costs.
4. Discussion
Based on the information available, CBA for the considered measures is positive from
the investor’s point of view. These results go beyond evidence that these measures can be
carried out even if TAC and costs for EES may increase overall costs. Hence, these results
illustrate that TAC cannot be seen as the only (economic) argument for not implementing
energy efficiency measures, since, in fact, the benefits are still worth their realization.
It should be acknowledged that our research focused on extending the information
on costs, while there is also an increasing body of research concentrating on multiple
benefits [21]. If additional benefits associated with energy efficiency are taken into account
(multiple), it can be assumed that the CBA may become more positive, even for investors.
In order to realize a CBA for the constructed case, we applied data mostly identified
by means of a meta-analysis. Even though it was easy to find data on implemented energy
efficiency measures in businesses (investment costs and energy savings), the TAC could
only be estimated on the basis of a limited number of the available literature. In partic-
ular, [37–40] were key sources delivering data input for our excel-based tool. However,
their empirical foundation is either relatively old [37,38] or geographically constrained [39].
Apart from that, interviewed companies of [39] have been part of an energy efficiency net-
work. Such companies may be more progressive regarding energy efficiency investments
and may have reduced transaction costs due to exchanging information within the network.
Moreover, our study attempted to make use of a broad definition of TAC, but the available
literature defines this more narrowly [37,38]. Hence, the CBA presented provides only a
part of the full (TAC) picture. Despite the limitations mentioned, our analysis provides an
essential first step for further research steps. With the development of our excel-based tool
and the assessment of the results, the basis for an in-depth analysis is made.
Consequently, updating and expanding today’s knowledge about transaction costs
in businesses will provide further new insights into transaction costs analysis regarding
energy efficiency investments. It can also be assumed that TACs are attached to identifying
a suitable EES, lowering the true value of EES vis-à-vis TAC reduction. This issue could
be taken up by further research. Such research should distinguish between transaction
costs in the different phases of the investment decision, so that targeted measures and
interventions to reduce transaction costs may be developed.
Costs for EES were identified via [46] as well as through expert interviews. We found
that it is difficult to allocate an EES to a single measure just because energy experts often
recommend three to five energy efficiency measures. Hence, for our purposes, overall
costs of EES had to be divided by the number of recommendations to feed our excel-based
tool. Unfortunately, we did not find relevant existing data based on literature on how EES
reduces TAC in businesses. This is an important research gap, which should be addressed
in the future and for which we have here within laid the foundation.
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From a methodological perspective, the scope of this study was relatively narrow,
focusing on a case study approach for selected energy efficiency measures. In order to
provide a more comprehensive approach with more generalizable results, the collection of
primary data on transaction costs and the influence of energy efficiency services on these
cost elements is a key prerequisite.
Reference [14] found that the lack of awareness belongs to the most relevant barriers
to energy efficiency investments in businesses: “Regardless of the level of importance
[that] energy receives in different companies, creating awareness about its efficient use and
what this could mean in terms of cost and benefits requires more attention.” This insight
also relates to our research context as a lack of awareness may either hinder the general
interest (and investment) in energy efficiency or it may result in higher transaction costs,
for instance, when the search for information becomes more time-consuming. Information
quantifying how the lack of awareness results in true costs for businesses transactions
may accelerate the interest of those businesses to overcome this lack of awareness. The
hindering role of transaction costs is not only applicable to energy efficiency investments or
the business sector. With regard to actors or sectors, the background study of Reference [5]
also focused on the residential sector and public buildings. In the latter sphere, the authors
of [47] “concluded that meeting the central government renovations requirements or achiev-
ing equivalent energy savings under Article 5 [of the EU’s Energy Efficiency Directive] may
be challenging and increased efforts are therefore needed to step up progress in improving
energy efficiency in the public sector.” To the knowledge of the authors, it is not well known
how transaction costs affect energy savings in public buildings. A better understanding of
transaction costs could shed light on problems attached to investments of the public purse;
for instance, if search costs for relevant information are relatively high, policy makers could
initiate problem-oriented policy support or (local/regional) administrations could provide
hands-on help to staff in charge of realizing energy efficiency in public buildings. For
instance, in Germany, Reference [48] recommended to public authorities to make use of
government funding available for employing renovation managers that technically deal
with the energetic refurbishment of existing public buildings. Such staff are better qualified
than regular staff and may implement energy efficiency investments within shorter time
periods. This is also relevant in order to meet policy targets such as Articles 5 and 18 of
the Energy Efficiency Directive (EED). Furthermore, the annual reports which have to be
published by the Member States according to Article 24 of the EED could also be improved
by integrating not only costs and benefits of energy efficiency measures but also TAC and
further benefits [47]. As for the field of renewable energies, Reference [49] analyzed the
allocation of public funding and factor in the role of local administrative units. It could be
helpful to know about the efforts (in quantitative terms) to apply for funding. This could
give orientation to simplify certain procedures in the administrative unit and provide a
reason to develop capacities for gaining access to public funds (e.g., proposal writing and
contractual issues).
In a nutshell, Reference [50] noted that stakeholders including investors and policy
makers “are usually aware of the existence of transaction costs in energy efficiency projects
and programmes but know neither their structure nor the exact levels. Therefore, a
common method is needed for including them in decision making.” Hence, a more robust
information base on transaction costs, relevant TAC categories, and data on how such TACs
turn into true costs would enable various stakeholder groups to reduce these components.
5. Conclusions
The central research objective was to carry out a CBA which factors in transaction
costs and costs for energy efficiency services. While TACs and costs for EES increase the
overall costs of an investment, EESs in fact contribute to lowering TAC since an energy
expert takes over some of the work, which would otherwise be assigned to the respective
company. At least for the German case, government funding is also available to reduce
costs for EES.
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While extending a CBA has not been done yet, information about TACs and EESs
will give investors a more realistic picture of energy efficiency investments. Therefore, it is
crucial to focus more on the issue of transaction costs and to overcome existing prejudices
(energy efficiency is too expensive, and information gathering and qualification would take
too long). In addition, the role of energy services in relation to transaction costs must also
be given greater importance. Especially if the transaction costs in a company are considered
too high, this barrier can be overcome by energy services—in a cost-efficient way.
This makes it essential to identify relevant and quantitative data to be included in a
CBA calculation. For our three real-world case studies (M1–M3) we compiled data on TAC
and EES through a meta-analysis of existing literature. This was complemented by three
interviews with energy experts.
Despite limited availability of data, our paper was able to showcase quantitatively
that monetary benefits of energy efficiency investments outperform costs, including TAC
and EES. For instance, the benefits of exchanging an inefficient motor (M1) are five to six
times higher than all cost components assessed in this paper. For more capital-intensive
investments such as using compressed air (M2) or efficient cooling technology (M3), benefits
outperform costs by a factor of around two, at least, despite TAC and EES being integrated.
These findings can counterargue those that believe energy efficiency is not worth it (in
monetary terms) due to high transaction costs and energy services costs. In fact, this is
good news for energy efficiency and for those that seek to make use of our findings to
argue in favor of taking up energy efficiency investments in businesses.
The data limitations of our study must be considered, but at the same time, such
restrictions suggest a step forward. Regarding the limitations, it should be acknowledged
that we artificially constructed the analysis because there is no information empirically
gathered that includes quantitative TAC and costs for EES. Hence, a multicriteria analysis
was applied to identify relevant measures (M1–M3), in the wake of which we sought
TAC- and EES-related data that fits into the context of the measures. Especially data on
how TAC are reduced through EES are not available. There is a considerable need for
research here. Hence, future investigations may compile information as part of a concrete
investment project in line with [38] or [39]. Therefore, for instance, if a business decides to
realize energy efficiency investments, research should identify relevant TAC components
and collect information on how much time would be spent on them. With regard to the
translation of time needed into costs, research could either make use of the salaries of the
respective staff or apply an average wage. A substantial number of cases is needed to
underpin the results and to transfer them to other cases. At the same time, EES costs should
be considered. The key challenge, then, is on how the respective energy consultant reduces
which TAC for a company. Energy efficiency services play a crucial role in addressing
transaction costs related to information deficits; however, the effect has not been quantified
in the literature so far. A quantification of such effects would provide a basis for further
development of EES and for addressing key barriers to the deployment of energy efficiency
technologies.
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